In an attempt to establish a radioimmunoassay (RIA), imipramine and amitriptyline immunogens were prepared; desmethyl derivatives were converted into hemisuccinates, conjugated with bovine serum albumin and used for rabbit immunization. H]imipramine (2.9 TBq/mmol) were prepared by catalytic dehalogenation or reductive alkylation. Dibenzazepines and dibenzcycloheptanodienes were determined in biological fluids by a direct method without deproteinization (lower detection limit of 0.5 μg · l" 1 ); using high-yield methods they were extracted from cell membranes.
Introduction
. , -., * , ... , . azepine and dibenzcycloheptanodiene determmation Radioimmunological determination of tricyclic anti-not only in body fluids but also in biological memdepressants of the groups of dibenzazepines and di-branes. The technique was used to determine the levels benzcycloheptanqdienes in body fluids has so far been of tricyclic antidepressants in plasma, blood elements reported in about twenty studies (1) . The method and cell membranes in patients who had been treated exhibits a high sensitivity, good reproducibility and with tricyclic antidepressants. easy performance; it requires very small amounts of biological fluids and tissues, a fact often appreciated in toxicology. Its low detection limit is most useful in Materials and Methods clinical practice where the therapeutic amount of ad-Chemicals ministered drug results in plasma levels of l Ο Active charcoal Nont, Serva, Heidelberg, Gennany. depressants mostly aun at direct determination of these substances in plasma or in urine. We have de. ?olyethylene glycol 6000, Merck, Darmstadt, Germany. veloped a simple and sensitive method for dibenz-Bovine γ-globulin, Institute of Sera and Vaccines, Prague.
Other reagents were obtained from Labora, Brno, Czechoslovakia. All chemicals were of aiialytical purity. All solvente were purified by distillation. 3 2 = acetone : ammonia (99 + 1) 5 3 = methanol: ammonia (100 + 1.5) 5 4 = ethyl acetate : n-propanol: ammonia (40 + 30 + 3) 5 5 = methanol : ammonia (100 + 2) 5 6 = Chloroform : ethanol: ammonia (12 + 8 + 0.1) 5 7 = methanol : ammonia (95 + 5) 5 8 = benzene : methanol: ammonia (90 + 15 + 1)
Human blood was always collected between 7 and 8 a. m.
(EDTA l g · l"
1 )· Blood cells were separated by centrifugation and the plasma was used for tricyclic antidepressant determination. Erythrocyte membranes were isolated after water-induced haemolysis of blood pellets at 4 °C followed by centrifugation. The membranes were repeatedly washed with water and the protein content was determined using the method of Lowry et al. (2) .
Immunogens for dibenzazepines and dibenzcycloheptanodienes were prepared using desmethylderivatives of imipramine and amitriptyline. After conversion into hemisuccinates and conjugation with bovine serum albumin immunization of rabbits was carried out according to Hubbard et al. (5, 6) . The solvent and excess bromine were removed by lyophilization and the residue was dissolved in doxane. Then 0.1 ml of trimethylamine was added and the resulting trimethylammonium bromide was removed by centrifugation. One fourth of the raw product was purified by preparative TLC (S 2 ).
2) Reductive dehalogenation
One fourth of purified brominated amitriptyline in 0.2 ml methanol and 0.3 ml of triethylamine was added to freshly prereduced palladium oxide (6.1 mg) and the reaction mixture was stirred for l h with 2 ml carrier-free tritium (total pressure 0.072 MPa). The catalyst and labile activity were removed. Preparative TLC (S 2 ) yielded a product of a 97% radiochemical purity (TLC -S 2 ,3, 4 ) and a specific activity 4.3 TBq/mmol (118 Ci/mmol). The overall chemical yield was 18%. PdO/BaSO 4 was added. The reaction mixture was stirred for 2 h with 4.7 ml carrier-free tritium. Preparative TLC (S 5 ) yielded a product with a radiochemical purity of 97% (TLC -84,5) and a specific activity of 2.4 TBq/rnmol (65 Ci/mmol); the chemical yield was 62%.
[ B H]Imipramine (III)
[ 3 H]Desmethylimipramine (0.0065 mmol; 1.7 mg) was dissolved in a mixture of methanol (0.2 ml) and* formaldehyde (0.02 ml) with 7.2 mg 10 g -Γ 1 PdO/BaSO 4 s catalyst. The reaction mixture was stirred for 2 h with 2 ml carrier-free tritium. Prepâ rative TLC (S 4 ) yielded a product of a 96% radiochemical purity (TLC -S 4 . 6 .7) and a specific activity of 2.9 TBq/mmol (78 Ci/mmol); the chemical yield was 60%.
Preparation of 125 I-labelled desmethylimipramine derivatives (VI, VIII)

Desmethylimipraminyl-N-succinyltyrosine methylester (V)
Dicyclohexylcarbodiimide (18 mg) in 2ml methylene Chloride was added to desmethylimipraminyl-N-hemisuccinate (IV) (0.06 mmol; 24 mg) and the mixture was stirred for 15 minutes. Then tyrosine methylester (0.08 mmol; 16mg) in 4ml methylene Chloride was added and the mixture was stirred at room tenl·· perature overnight. The reaction mixture not containing free hemisuccinate was evaporated tp dryness, then dissolved in 4ml methylene Chloride. The released dicyclohexylurea was filtered off. This process was repeated three times. The crude product was purified by chromatography on silica gel (S 8 ) to yield 24.4 mg i. e. 70% of pure product.
Desmethylimipraminyl-N-[3-(4-hydroxyphenyl) Jpropionamide (VII)
A solution of N-hydroxysuccinimide ester of 3-(4-hydroxyphenyl)propionic acid (0.1 mmol; 26 mg) in 2 ml dioxane was added to a solution of desmethylimipramine (0.08 mmol; 21 mg) in 5 ml dioxane and the reaction mixture was stirred overnight. The crude product obtained by evaporation was purified on silica gel (S 8 ). The yield was 25mg (81%). lodination of desm ethylimipraminyl-N-succinyltyrosine methylester and desmet hylimipraminyl-N-[3-(4-hydroxyphenyl)]propionamide was carried out according to Hunter &'Greenwood (7) with 30% radiochemical yield referred to Na 
Determination in biological materials
It is not necessary to deproteinize plasma, serum of other biological fluids for this determination. Tissues after homogenisation, or subcellular fractions and bioniembranes (100 μΐ) were made alkaline with 10 μΐ of 0.1 mol/1 NaOH and extracted for 5min with 0.5 ml heptane containing 3g -l" 1 isoamylalcohol in polyethylene tubes. The tubes were centrifuged for 5 min at 12000 g. Aliquots of 250 ul of the heptane phase were transferred into polyethylene tubes and the samples were extraoted into 100 μΐ of 0.01 mol/1 HOL An aliquot (50 μΐ) of the water phase was added to 50 μΐ of 100 mmol · Γ 1 phosphate buffer pH 7.5. For determination in plasma, where various amounts of plasma are used depending on their presumed concentration, it is necessary to prepare a calibration curve with the same amount of control plasma taken from a subjfect who has not been given any drugs.
A 100 μΐ Standard containing 25-1600 pg of drug, or the measured sample, was added to 100 μΐ are used, the Standard curve is prepared with the same amount of control plasma used in the samples supplemented with 100 μΐ diluted antiserum. The antiserum was diluted l : 1000 with phosphate buffer cpntaining sodium azide and gelatine. The samples were incubated for 2 h at 23 °C and then, in the case of Cross reactivity was deterrnined on a molar basis. Measurements were carried out in triplicate and the experiments were repeated 3 or 4 times. Standard deviation did not exceed 10% of the mean. thiazine and thioxanthene derivatives show a 10-20% interference. High affinity was found in prothiaden [l l -(3-dimethylaminopropylidene)-6,11 -dihydro* dibenzo(b,e)thiazepine], a substance structurally similar to imipramine. This method could also be used to determine this substance in biological tissues. The sensitivity of the method'is* high en gh to detect concentrations lower than l μg · l" 1 . Error of the methodis 5.3% ± 0.51 (n = 17)andrecoveryisl01.3 ± 5.94% (n = 19).
The method was tested in the determination of tricyclic antidepressants in patients treated with amitriptyline. Determinations were carried out 30 and 60 minutes after a single oral dose of 100 mg of amitriptyline and further at 1-hour intervals up to 5 h after the blood collection. Blood plasma Separation was carried out immediately after the blood had beer^. drawn and, again after 2-h Standing at 4 °C. Neither the plasma levels n r the scatter of data were influenced by the time of keeping the sample (fig. 4) . Dissociation of imipramine b und to erythrocyte membranes was studied both with [ 3 H]imipr mine and by using the RIA method ( fig. 5) , and the results showed satisfactory agreement.
Another study showed that after a single dose of 100 mg amitriptyline the values in erythrocytes were half B those found in plasma ( fig. 6 ). After 7 days the plasma values were lower than the detection limit of the method, while the values in eiythrocytes wefe 40 ±18 μ § · Γ 1 after 7 days and 26 ± 8 μ §'^ l^1 after 14 days (mean ± S. E. M., n = 5). We concluded that it takes 21 days to elimin te the dr g. found to be advantageous on account of their sensitivity and easy performance. However, there is the disadvantage that some metabolites may interfere and distort the results.
To prepare antisera we used the methods of Brunswick et al. (4) and Hubbardti al. (3) . Desmethylimipramine and nortriptyline were converted into succinates which were subsequently conjugated with albumin and used for immunizing rabbits, i. e. antisera were raised against both dibenzazepine and dibenzcycloheptanodiene derivatives. For this reason, we labelled imipramine, desmethylimipramine and amitriptyline with tritium. The specific activities were very high, 2.9 TBq/mmol for imipramine, 2.4 TBq/mmol for desmethylimipramine and 4.3 TBq/mmol for amitriptyline, which contrib ted to the high sensitivity of the method. Despite the high specific activity of
propionamide in excess of 37 TBq/mmol, a higher sensitivity was not achieved, owing to changes in the side chain. The specificity of the method is good but demethylated metabolites, representing the main metabolites in man, which are also therapeutically effective, are determined at the same tinie. While demethylated derivatives of tricyclic antidepressants affect primarily the catecholamine uptake, methylated derivatives exert their effect predominantly on indolamine uptake. It is presumed that the transport mechanisms for 5-hydroxytryptamine and noradrenaline are directly linked to tricyclic antidepressant binding sites, where they function s modulators. This was why we measured the tricyclic antidepressant levels in plasma and in cell membranes ai % ter adininistering these drugs to man. The method was found to be liighly suitable in view of its high sensitivity. The first mcthods developed in this field were significantly less sensitive (8) . The results show that plasma levels drop to zero earlier than they do in cells. Dissociation of these substances from the cell membrane is slow, which has also been documented by the results obtained from repeated membrane washing in a large amount of buffer. We can conclude that after repeated administration of tricyclic antidepressants the drug remains in the cell membrane for a long period and can significantly influence the binding capacities of these substances.
Tricyclic antidepressants and their metabolites are determined by this method in the ratio of their affinities to antisera. With regard to the fact that the therapeutic effect of desmethylderivatives is comparable to that of the initial substance, their parallel determination shows the rate of therapeutic effect. The values of interferences in binding studies are also quite similan After a single i. p. dose of amitriptyline to rats the ratio of plasma levels of amitriptyline and nortriptyline is about 4:1. The same occurs in the brain, although the concentrations of amitriptyline and nortriptyline are about 10 times higher compared with the values in plasma (9) . Nortriptyline levels after chronic administration are about twice äs high (compared with single dose administration) äs determined by HPLC method. After administration of imipramine, Nagy & Johansson (10) determined imipramine and desmethylimipramine values in plasma and blood cells using a thin-layer chromatography method with densitometric evaluation. They found very similar levels of both substances in blood and blood cells after a single oral dose. However, they reported big interindividual differences. In the studies of SuranyiCadotte et al. (11) who investigated both [
